We describe a program for the analysis of protein secondary structure that operates with the Sequence Analysis Software Package of the University of Wisconsin Genetics Computer Group (UWGCG). The program produces both graphic and printed output. Structure prediction using the Chou and Fasman and Robson et al methods, and hydropathy analysis by the method of Kyte and Doolittle are included along with a simplified method of hydrophobic moment analysis. The power of the program is the coordinated presentation of nany different kinds of structural information on the same plot.
INTRODUCTION
We have developed a program for protein secondary structure analysis that combines several of the most frequently used techniques. Infornation necessary to predict protein secondary structures by the Chou and Fasman (1) method is shown graphically including plots of the alpha and beta structural potentials, reverse turn potential, and probability of alpha and beta structure ends. Structure predictions using the method of Robson et al (2) are available in printed fora for several ranges of decision constants.
The hydropathy profile (3) is frequently used to find intra-meabrane regions of proteins. It is also commonly used to try to predict the positions of antigenic sites on proteins (4).
A more recently developed technique for protein secondary structure prediciton is the hydrophobic moment plot (5). The hydrophobic moment is a measure of the "anphiphilicity" of a sequence that is helpful for identifying structures located at the interface between hydrophobic and hydrophilic regions of a protein. These plots are usually presented as contour plots with all possible inter-residue angles on one axis and the sequence position on the other.
We have chosen to focus on the maximum hydrophobic moment for interresidue angles characteristic of alpha and beta structures, allowing the results to be plotted as a pair of continuous curves.
MATERIALS AND METHODS
PEPPLOT is designed to operate as part of the UWGCG Sequence Analysis Software Package (6). This package is designed for VAX computers running version 3 or 4 of the VMS operating system.
The program was written in FORTRAN 77 using the UWGCG procedure library-a library of subroutines that simplifies sequence manipulations, input and output operations, and graphics programming.
The UWGCG package, and PEPPLOT, currently support Hewlett Packard 7221 and 7475 plotters and DEC VT240 and 241 graphic terminals.
Conforraational parameters for the Chou and Fasman structural prediction were obtained from their review article (1). This article should be consulted for specific information on the Chou and Fasaan prediction method.
The method of Robson et al is the version presented by Gamier et al (2).
Predictions with several possible combinations of decision constants are shown. The hydropathy profile is calculated exactly as recommended by Kyte and Doolittle (3) using a window nine residues wide.
The sequence for human adenylate kinase whose structure is plotted in Figure 1 Table 1 . The structure at each residue is predicted by suraping the propensity parameters for alpha, beta, reverse turn, or random coil within a window of 17 residues around the point in the sequence where the structure is being predicted.
The propensity parameters are position specific, that is, they vary both with the residue and its position in the 17 residue window.
The residue in the center of the window is predicted to participate in the structure with the highest summed propensity.
Decision constants «ay be used to bias the prediction if there is
information from measurements of circular dichroisa about the aoounts of alpha and beta structure. This is done by adding or subtracting a constant from the alpha and beta summed propensities before comparing the propensities for the In the absence of structural information. Gamier et al (2) suggest using the percent alpha and beta structures determined using no decision constants to choose the decision constants for the final structural prediction. (The calculated percent alpha and beta structure using no decision constant is shown at the beginning of the table.) Predictions for all of the combinations of decision constants recoomended by Gamier et al are shown in Table 1 as well as a prediction using no decision constant.
Chou and Fasaan and Kyte and Doolittle
The measurements used to create the Chou and Fasaan and hydropathy plots are also available in written fora ( Table  2) .
The residue, alpha and beta parameters, average alpha and beta potentials, end prediction, and reverse turn prediction are shown along with the average hydropathy.
Hydrophobic Moment The maximum hydrophobic moment and the inter-residue angle producing the maximum can also be shown in written form (Table 3) .
DISCUSSION
PEPPL0T cakes a display of the standard measurements of protein secondary structure on a single coordinated plot. Secondary structure prediction is subject to great uncertainty so the output of PEPPLOT is designed to provide We feel that this display is more informative than techniques that predict secondary structure by making arbitrary choices that cast a shadow over dissonant information. PEPPLOT leaves the analysis and structural prediction, if possible, to the user. We have found that plots of structural measurements like PEPPLOT can be of significant value for detecting similarity between sequences. Similarity that is difficult for the human or the coaputer to recognize in the primary structure nay generate patterns of secondary structure measurements that are recognizably similar.
We do not believe that the state-of-the-art allows secondary prediction for nost protein molecules based on primary structure alone.
Tools like PEPPLOT are useful, however, for identifying snail elements of protein structure.
For instance, the hydrophobic moment and hydropathy sections of the plot may be useful for determining which segments of a protein are located at the surface of the protein. 
